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INTRODUCTION 


The  Space  ami  Faivironmcnl  Technology  Center  of  The  Aerospace  Corptiration  has  provided  an 
I  \trcmel>  I.ow  I  requency  Wave  Analyzer  (ELFWA)  for  the  Low  Altitude  Satellite  Study  of 
Ionospheric  Irregularities  (1.  ASSII)  instrument  complement  on  the  CRRES  spacecraft.  The 
objective  of  the  I.ASSI!  experiment  is  to  understand  the  effects  of  naturally  occurring  and  artifi¬ 
cially  created  irregularities  in  the  ionosphere  on  communication,  navigation,  and  radar  signals 
propagating  through  the  ionosphere.  LASSII  will  also  determine  the  threat  of  ionospheric  modi- 
lication  by  chemical  rclea.scs  and  high-power  radio  tran.smitlcrs  to  various  communication,  com¬ 
mand.  control,  and  intelligence  systems. 

I  he  I  d.l  W.A  instrument  measures  electrostatic  and  electromagnetic  ion  waves  in  the  ambient 
ionosphere  and  during  active  experiments  involving  chemical  releases  and  the  ionospheric  heater 
at  .\recibo.  Puerto  Rico.  It  also  measures  long  wavelength  (  >  100  m)  electron  density  irregulari¬ 
ties  These  irregularities  degrade  communication,  navigation,  and  radar  signals  that  propagate 
ihrough  the  ionosphere. 
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DESCRIPTION 


The  Hl.F-WA  measures  single-axis  electric  field  spectra  and  amplitudes  Irom  10  H/  to  250  H/  and 
single-axis  magnetic  Held  spectra  and  amplitudes  from  10  Hz  to  125  Hz.  The  instrument  consists 
ol  two  antennas,  two  preamplifiers,  and  two  electronics  boxes  connected  as  shown  in  Figure  1. 

I  he  electric  field  antenna  consists  of  two  spherical  probes  each  6.35  cm  in  diameter  deployed  on 
booms  190.5  cm  long  above  the  spacecraft  as  shown  in  Figure  2.  The  probes  are  coated  with 
.'\cheson  Flectrodag  121  graphite  semi-colloidal  dispersion  in  an  organic  binder.  The  probes  are 
separated  by  4.5  m.  Preamplifiers  at  the  base  of  each  boom  have  unity  gain.  The  signals  from 
the  two  probes  are  differenced  in  the  F-lleld  electronics  package  to  provide  a  single-axis  mea¬ 
surement  of  the  electric  field  in  the  spin  plane  of  the  spacecraft. 

I  he  magnetic  field  antenna  is  a  50-cm  diameter,  16(X)-tum  loop  of  AWC36  copper  wire,  fhe 
anienna  is  deployed  on  a  2-m  boom  as  shown  in  Figure  2.  The  boom  consists  ol  hinged  tube 
assemblies  constructed  in  two  segments.  It  is  canted  slightly  upward  to  clear  the  canister  ejection 
traiectories  for  the  chemical  canisters  used  for  the  chemical  release  experiments.  The  resistance 
ol  the  antenna  wire  is  3500  Q  and  the  inductance  is  4.5  H.  The  preamp  input  impedance  is 
30  kU  at  2200  Hz.  An  external  load  resistance  is  adju.sted  to  20  kfi  to  provide  10  mV  out  from 
ihe  antenna  lor  a  10-nT  field  at  2200  Hz.  At  UK)  Hz,  a  5  iiT  field  produces  1  mV  out  of  the 
anienna  'fhe  preamplifier  at  the  base  of  the  boom  has  a  gain  of  UK).  The  B-field  antenna  signal 
output  frequency  response  is  -6  dB  per  octave  in  the  125  to  12.5  Hz  frequency  range.  The 
preamplifier  has  been  frequency  compensated  with  6  dB  per  octave  bass  boost  to  produce  a  flat 

ti  ANTENNA 


Imure  I.  A  hhxk  diagram  of  ihe  LAS.SII  fixtremcly  Low  frerjiioiKy  \Va\e  Anals/er. 
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Ircquciic  v  rcsfxuisc  Irom  iho  antenna  and  preamplifier  combination  from  10  to  125  H/.  The 
singlc-a\is  magnclie  Held  measurement  is  also  made  in  the  spin  pl^uie  of  the  spacecraft. 

!'he  tu(i  electronics  packaftes,  H-lleld  and  B-Hcld,  condition  the  antenna  sienals  for  data  storage 
and  telemetry,  bach  signal  is  ampliftcd  into  the  range  0  to  5.1  V.  They  are  then  sampled  at 
evenly  spaced  intervals  at  250  samples  per  second  providing  a  125-H/  Nytiuist  frequency  for  the 
signal  troni  each  antenna,  liach  of  the  electronics  packages  has  indejx’ndent  gain  settings  of  0.  - 
2t),  and  -40  dB,  and  two  modes;  linear  and  automatic  gain  control  (AGO.  I'he  dynamic  range  is 
4S  dB  in  the  litiear  mode  and  approximately  90  dB  in  the  AGC  mode  at  one  gaiti  setting.  The 
e\[x'rinient  normallv  takes  data  in  the  AGC  mode  with  the  gain  set  at  0  dB.  Then.|he  sensitivity 
corresponding  to  0.02  \'  (  I  bit)  output  from  the  electronics  packages  is  9.9  \  10  V/m  from  the 
electric  antenna  and  0.2  pT  from  the  magnetic  antenna.  The  total  signal  in-band  is  also  averaged 
and  recorded  each  second.  In  a  .separate  mode,  the  signal  from  the  electric  antenna  is  passed  to 
the  B  field  electronics  package  as  well  as  to  the  E-lleld  electronics  package  as  shown  in  Figure  1. 
rile  combined  output  then  doubles  the  sampling  rate  of  the  signal  from  the  electric  antenna  to 
500  samples  per  .second  for  :i  Nvuuisi  frequency  of  250  H/.. 


f  igure  2.  A  picture  of  a  model  of  the  CRRFS  spacecraft  identifying  die  F.-lield 
and  B-lield  .iiiiennav  lor  the  Fl.F’WA  experiment. 
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FREQUENCY,  Hz 


FLIGHT  OPERATIONS 


Because  the  LASSII  iclcmelry  formal  is  incompatible  with  the  format  used  by  the  wave  and  par¬ 
ticle  instruments,  which  are  part  of  the  Space  Radiation  Effects  experiment  rm  the  same  space¬ 
craft.  LASSn  is  duly  cycled  using  the  following  scheme.  When  perigee  is  between  1730  and 
0230  LT  (i.c.,  dusk  to  post  midnight),  LASSII  operates  below  3(X)0  km  during  every  other  orbit. 
When  perigee  is  between  0230  and  1730  LT,  LASSII  operates  below  HXK)  km  every  fourth  orbit. 
Duriiit.  low-altitude  chemical  release  campaigns,  LASSII  monitors  the  ionosphere  for  four  orbits 
before  and  after  each  chemical  release.  The  ELFWA  instrument  has  been  operating  successfully 
throughout  its  first  year  on  orbit. 


TECHNOLOGY  OPERATIONS 


The  Aerospace  Coirptiration  , unctions  as  an  •‘architect-engineer"  for  national  security  programs, 
specializing  in  advanced  military  space  systems.  The  Coq  oration's  Technology  Operations  suppttrts  the 
effective  and  timely  development  and  operation  of  national  security  .systems  through  scien’ific  research 
and  the  application  of  advanced  technology.  Vital  to  the  success  of  the  Corporation  is  the  technical  staff's 
wide-ranging  expertise  and  its  ability  to  stay  abreast  of  new  technological  developments  and  program 
support  issues  assiKiated  with  rapidly  evolving  space  systems.  Contributing  capabilities  are  provided  by 
these  individual  Technology  Centers: 

Kleetronics  Techniilogy  Center:  Vficnxilectronics.  .solid-state  device  physics.  VIdil 
reliability,  compound  semiconductors,  radiation  hardening,  data  storage  technologies, 
infrared  detector  ilevice.s  and  testing;  electro-optics,  quantum  electronics,  solid-state 
Itisers.  optical  propagation  and  communications;  cw  and  pulsed  chemical  laser 
development,  optical  resonators,  beam  control,  atmospheric  propagation,  and  laser 
effects  and  countermeasures;  atomic  frequency  standards,  applied  laser  spectroscopy, 
laser  chemistry,  hiser  optoelectronics,  phase  conjugation  and  coherent  imaging,  solar 
cell  physic^,  battery  electrochemistry,  battery  testing  and  evaluation 

Mechanics  and  Materials  Technology  Center:  Evaluation  and  characterization  of  new 
materials:  metals,  alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of 
carbon;  development  and  analysis  of  thin  films  and  depctsition  techniques; 
nondestructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  development  and  evaluation  of  hardened  components; 
analysis  and  evtiluation  of  materials  at  cryogenic  and  elevated  temperatures;  launen 
vehicle  and  reentry  fluid  mechanics,  heat  tr..iio.rer  and  flight  dynamic';  chemical  and 
electric  propulsion;  spacecraft  structural  mechanics,  spacecraft  survivability  and 
vulnerabiluy  assessment;  contamination,  thermal  and  structural  control;  high 
temperature  therinomechanics.  gas  kinetics  and  radiation;  lubrication  and  surface 
phenomena. 

Space  and  Environment  Technology  Center:  Magnetospheric.  auroral  and  cosmic  ray 
physics,  wave-particle  interacti(>ns.  magnetiispheric  plasma  waves;  atmospheric  and 
ionospheric  physics,  density  and  composition  of  the  upper  atmosphere,  remote  sensing 
using  atmospheric  radiation;  sclar  physics,  infrared  astronomy,  infrared  signature 
analysis:  effects  of  solar  activity,  magnetic  storms  and  nuclear  explosions  on  the  earth's 
atmosphere,  ionosphere  and  magnetosphere;  Tiects  of  electromagnetic  and  particulate 
radiations  on  space  .'.ystems,  space  instrumentation;  propellant  chemistry,  chemical 
dynaniic.s.  environmental  chemistry,  trace  detection,  atmosphene  chemical  reactions, 
atmospheric  ;  ptics,  light  scattering,  stale-specific  chemical  reactions  and  riidia'.ive 
signatui  js  of  mcssile  plumes,  and  sensor  out-of-field-of-view  rejection 
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